The chronatln structure of the palindroralc macronuclear ribosomai RNA genes of Tetrahymena thermophila was probed with mlcrococcal nuclease. Independent of the state of transcrlptlonal activity, the transcribed region had a shorter nucleosome repeat (184±3 base pairs) than the non-transcribed central spacer or bulk chromatin (both 200 base pairs). The transcribed region displayed an Increased sensitivity to micrococcal nuclease in rapidly growing cells, which suggested an altered chromatin structure during transcription. At early stages of nuclease digestion, the central spacer appeared to be in a highly structured nucleosonal array. Based on the differences In nucleoaome repeat distance and sensitivity to nuclease, we conclude that quite different chromatin structures are maintained in two adjacent regions of the Tetrahyaena ribosomal RNA gene. The DNA of the non-transcribed terminal spacer was found to contain sequences which are highly susceptible to micrococcal nuclease, precluding any conclusions about nucleosome structure in this region.
INTRODUCTION
The nucleosome is the fundamental structural unit of chromatin. 
Quantitatlon of Nuclease Digestion
The quadruplicate 51 aliquots from each sample were spotted on separate GF/C filters (Whatman). Two filters from each sample were washed sequentially with -10 ml 10Z TCA (trlchloroacetlc acid), -30 ml 5Z TCA, and -2 ml ethanol, and then air dried. The other two filters froa each sanple were left unwashed. Filters were put into scintillation vials with 100 ul H2O and 400 yl NCS (Amersham) and Incubated overnight at 37°C. Following the addition of 50 ul acetic acid and 10 al Triton X-100 fluor, the solution was thoroughly mixed and counted in a Beckman LS 7000 liquid scintillation counter. Percent U -W TCA solubility was calculated as ---x 100, where U and W are the aaounts of radioactivity on the unwashed and washed filters, respectively. It had been determined previously that U ™ W for control nuclei that were not treated with micrococcal nuclease.
Preparation of DNA Probes
Plasmids pRP9 and pRP7, which respectively contained the 1.18 kbp and 2.2 kbp Hind III fragments of rDNA cloned into pBR322, were obtained from Ron Pearlman. The 2.6 kbp Hha I fragment was cleaved out of pTtrl. Plasmid pTtrl contained the 4.3 kbp Hind III fragment from the center of the rDNA cloned into pBR322, and was obtained from Liz Blackburn's lab. 22 Plasmids were Isolated essentially by the method of Birnbolm & Doly.
Plasaid DNA was digested with appropriate restriction endonucleases (New England Biolabs) under conditions specified by the supplier. DNA fragments were separated by agarose gel electrophoresis and recovered from the gel by electrophoresis onto DE-81 paper 3 or by electroelutlon. The purified DNA fragments were then 32 P-labelled by nick translation. 21 * All probes were specific for the region of the rDNA from which they were derived, as judged by pre-wet in 5x SSC was placed on the gel, followed by one filter paper soaked in 5x SSC. Atop this, 8 dry filter papers were placed. The sandwich was then wrapped in plastic wrap and weighted down with three electrophoresis plates.
The transfer proceeded undisturbed for at least 3 hr. The nitrocellulose filter was separated from the gel and baked in vacuo at 80°-90°C for 2-6 hr. P-ATP and polynucleotide kinase. The numbers to the left of the autoradiogram correspond to the size (in kbp) of the DNA fragments in (3). The sizes we determined for the probe DNA fragments were each about 10Z larger than those previously published. 10 Additional verification of probe specificity was done with Hpa II, Bgl II, and Pst I digests (data not shown).
of the DNA) the rDNA gene region was digested to a lower molecular weight more quickly in log cells than in starved cells. gene region probe ( Figure 2D, lane N) . Thus, the nucleotlde sequence preference of this nuclease Is not contributing detectably to the chromatin digestion patterns.
Chroaatln Structure of the Central Spacer of rDNA
The deprotelnized mlcrococcal nuclease digests were cleaved with Hhal restriction endonuclease prior to electrophoresls. This procedure insured that all fragments of chromatin that hybridized with the central spacer probe were derived entirely from that region of the gene. Some of the Southern hybridization data are presented in Figure 5 . The central spacer region has a nucleosome repeat pattern which mimlcks that of the bulk chromatin. The pattern was prominent only at early times of digestion for both log and 118 Figure 5 . The central spacer is organized in a repeated nucleosome structure with the same repeat size as bulk chromatin. Autoradiogram of nitrocellulose blot containing nuclease digests of starved and log-phase cell DNA hybridized with the central spacer probe (see Fig. 1 ). DNA was digested to completion with Hha I prior to electrophoresis. (1) naked DNA digested with micrococcal nuclease; (2), (5) and (7) log, 12%, 20% and 35% TCA soluble, respectively; (3), (6) and (9), starved, 15%, 18% and 34% TCA soluble, respectively; (4) and (8) conditions. For the terminal spacer, they report a 200 bp nucleosome repeat. 18 We also see a repeat, but it is -100 bp and is not due to chroaatin structure, but to DNA sequences that are highly susceptible to micrococcal nuclease cleavage. Again, species differences may explain the discrepancy.
The structure of the rDNA chromatin In rapidly growing T^_ thermophlla has also been probed by trimethylpsoralen crosslinking. 16 The central spacer chromatin was highly resistant to psoralen crosslinking, and those crosslinks that were introduced in the DNA had no discernible regular spacing. In contrast, we now find that micrococcal nuclease produces a clear 200 bp repeat pattern in this region. This apparent discrepancy may be explained by a higher order structure for the central spacer chromatin. Such a structure might make it difficult to unwind the DNA to intercalate the psoralen, but mlcrococeal nuclease cleavage might relax the structure to reveal an underlying 200 bp repeat. In the terminal spacer chromatin, psoralen crosslinked the DNA at 200 bp intervals. 16 ' 39 Psoralen crosslinking and micrococcal nuclease have different sequence specificities. The sequence specificity of the former probe did not Interfere with the detection of the nucleosome repeat in the terminal spacer. In the gene region, psoralen crosslinks were found to occur with a sub-nucleosomal repeat (-110 bp) that was interpreted most easily as reflecting an altered nucleosome structure.
Such an altered structure might also give increased accessibility to micrococcal nuclease, allowing cleavage of the DNA at sites that would be protected within the core of the nucleosome in its standard conformation.
Histone variants specific to the transcriptionally active macronucleus of Tetrahymena and histone modifications such as phosphorylation 1 * 1 and acetylation may be the key to the chromatin structure differences along the rChromatln. It would be very interesting to see whether these modified and/or variant histonea are unique to the gene region of Isolated rChroraatin.
